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E v a l u a t i o n  o f  F r a g m e n t e d  A n t i b o d y  I n h i b i t o r y  P o t e n c y  
Considerable insight  into the  s t ructure  of ant ibodies  
has been gained th rough  the  ut i l izat ion of enzymat ic  
degradationS, 2. The  Fab  immunoglobu l in  fragments ,  
produced by  papa in  digestion, are un iva len t  possessing 
only one ant igen  combining  site ~. The  Fc f ragments  do 
not  possess ant igen  binding capabili t ies.  Since the  Fab  
f ragments  combine bu t  do not  precipi ta te  in the  presence 
of specific antigen, f ragmented  an t ibody  s t rength  can be 
assessed only by  indirect  methods.  The  present  s tudy  
concerns new approaches  in eva lua t ing  the  inh ib i tory  
power  of f ragmented  antibodies.  H u m a n  chorionic gonado- 
t roph in  (HCG) and its homologous ant isera  were ut i l ized 
since immunologica l  studies on this sys tem are well 
established in our  laboratory.  
Materials and methods. New Zealand whi te  rabbi ts  were 
immunized  wi th  HCG (5000 IU,  Parke  Davis  & Co.) in 
complete  F reund ' s  a d j u v a n t  v ia  mul t ip le  site subcutaneous  
inject ions ~. The  serum, obta ined 6-8 weeks pos t immuniza-  
tion, will  be referred to as an t i -HCG whole ant i serum (WA). 
In  addit ion,  commerc ia l  an t i -HCG serum 5 was fractio- 
na ted  wi th  D E A E  to ob ta in  the  IgG fract ion and then  
digested wi th  papa in  following the  me thod  of PORTER 1, 
The  digested globulin (Fab and Fc) f ragments  were sub- 
jec ted  to Sephadex G-200 gel f i l t ra t ion to r emove  un- 
digested IgG molecules. Pro te in  concentra t ions  were 
de te rmined  by  the  Fol in-phenol  technique  *. I m m u n o -  
e lectrophoret ic  analysis revealed the  presence of a fast  
and a slow moving  componen t  in the  ;~-globulin region. 
As a control,  normal  rabb i t  serum was f rac t ionated  to 
ob ta in  the  7-globulin f ragments  and digested in the  same 
manner .  The presence of an t ibody  in the  degraded produc t  
could not  be de tec ted  by  Ouchter lony  immunodiffusion.  
HCG (Antui tr in-S,  1700 IU/mg,  Parke  Davis) was 
labeled wi th  125I by  the  me thod  of HUNTER and GREEN- 
WOOD ~. Sephadex  G-100 gel f i l t ra t ion was employed for 
r emova l  of the  free ~2~I and the  resul tan t  p roduct  rechro- 
ma tog raphed  on G-200 in accordance wi th  the  me thod  of 
BAHL 8. The  rad iohormone  conta ined 2.14 ~zg p ro te in /ml  
and 69.9 aC/ag  suspended in 0 .05M phospha te  buffer  
stabil ized wi th  0.75% bovine  serum albumin.  The  free 
iodine con ten t  of the  s tored rad iohormone was moni tored  
periodical ly  by  th in  layer  rad iochromatography .  
The  ant igen combining  po tency  of the  f ragmented  anti-  
body  (FA) was es t imated  by  a block t i t ra t ion  using 
hemagglu t ina t ion  inhibi t ion (HI). First ,  va ry ing  dilutions 
of F A  were prepared ranging f rom 1:3 to 1:6144; then  
1 drop (25 1) of W A  was added to each dilution. The W A  
was added at  the  following dilut ions - 1:300, 350, 400, 
450, 500, 550, 600, and 650. To each of these mix tures  
was added 25 Z of sheep tanned  red blood cells sensitized 
to HCG (Parke Davis,  1700 IU/mg)9.  Af ter  3 h a t  room 
t empera tu re  or overn igh t  refrigeration,  the  results were 
read and the 50% di lut ion endpoin t  (HIs0) es t imated.  
S tandard  radioprec ip i ta t ion  curves of an t i -HCG W A  
versus ~SI-HCG were obta ined by  methods  previously  
described ~0,11. The HIs0 endpoin t  de termined  the  W A  
concent ra t ion  for use in radioprec ip i ta t ion  inhibi t ion 
(RPI) .  Constant  amounts  of WA-HI~0 were added to 
va ry ing  dilutions of F A  to de termine  the  power of frag- 
men ted  an t i -HCG to inhibi t  radioant igen  precipi tat ion.  
To each of the  mix tures  was added 0.5 cm 3 of ~ I - H C G  
(1:50 dilution) and the  mix tu re  incubated  at  37~ for 
1 h, then  overn igh t  at  4 ~ 24 h later, 50 ,~ of non-di luted 
goat  an t i - rabbi t  y-globulin was added to each tube.  
Fol lowing incubat ion  and washing, the  radioprecipi ta tes  
were counted in an autowel l  y-counter.  Resul ts  were 
plot ted  as the  inverse of the  cpm in the sediment  versus 
F A  concentrat ion.  
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Fig. 1. The inhibitory power of fragmented anti-HCG in competition 
with antiserum for HCG sensitized red blood cells is demonstrated 
by hemagglutination inhibition. A ratio of inhibitor (fragmented 
antibody) to antibody (whole antiserum) of 2.6:1 was obtained at 
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Fig. 2. The power of fragmented anti-HCG to compete with whole 
antiserum for radioantigen is shown by the percent of radioprecipita- 
tion inhibition (RPI). The RPI curve may represent the preeipitin 
curve of the fragmented antibodies when plotted as the inverse of 
the cpm in the sediment. 
I R. R. PORTER, Biochem. J.  73, 119 (1959). 
J .  J .  CEBRA, D. GIVOL, H. I. SILMAN and E. I{ATCHALSKI, J.  biol. 
Chem. 236, 1720 (1961). 
8 S. HSlAO and F. W. PUTNAM, J.  biol. Chem. 236, 122 (1961). 
4 A. R. MIDGELEY JR., G. B. PIERCE JR. and W. O. WEIGLE, Proe. 
Soc. exp. Biol. Med. 108, 85 (1961). 
H y l a n d  Laborator ies ,  Inc., Los Angeles (California, USA). 
s O. H. LOWRY, N. J. ROSEBROUGH and R. J. RANDALL, J.  biol.  
Chem. 193, 265 (1951). 
7 W. B. HUNTER and F. C. GREENWOOD, Nature  194, 495 (1962). 
s O. P. BAHL, J. biol. Chem. 244, 567 (1968). 
W. R. BUTT, The Chemistry o] the Gonadotrophins (Charles C. 
Thomas,  Springfield,  I l l inois  1967), p. 107. 
10 G. J. GLEICH and R. R. STA~IClEVIC, I m m u n o e h e m i s t r y  6, 85 (1969). 
11 G. MIZEJEWSKI, Clin. Res. 18, 429 (1970). 
1370 Specialia •XPERIENTIA 26/12 
Results and discussion. The quan t i t a t ive  es t imates  of 
the  inhibi tory  power of f ragmented  an t i -HCG are shown 
in Figure  1. The f rac t ionated  an t ibody  has a propor t ional ly  
similar  number  of ant igen binding sites to the  in tac t  
ant iserum except  for di lut ion differences result ing f rom 
prepara t ive  procedures.  F ragmen ted  an t i -HCG added to 
decreasing amounts  of W A  resulted in the  compet i t ion  
curve  shown. I t  can be seen tha t  app rox ima te ly  propor-  
t ional  amounts  of F A  to W A  were needed for inhibi t ion 
of hemagglut ina t ion .  The HI~0 occurred at a whole anti-  
serum prote in  concent ra t ion  of 0.117 mg /ml  (1 : 500 dilu- 
tion). Assuming a m i n i m u m  of 10% globulin in the  whole 
ant iserum, a ra t io  of inhibi tor  to an t ibody  of 2.6:1 was 
obta ined at  this point.  
The  HI.0 value  obta ined f rom Figure  1 d ic ta ted  the  
"VVA concent ra t ion  (0.117 mg/ml)  for use in radioprecipi ta-  
t ion inhibit ion.  The  power  of f ragmented  an t i -HCG to 
compete  wi th  W A  for radioant igen  is shown in Figure  2. 
The inverse of ti le cpm in the  sediment  relates the  radio- 
precipi ta t ion inhibi t ion th roughou t  a spec t rum of F A  
concentra t ions  t i t r a ted  against  cons tan t  amounts  of WA. 
Max imum R P I  (69%) occurred at  a F A  protein concen- 
t ra t ion  of 60 ~g/ml (1 : 50 dilution). I n  actual i ty ,  t h e R P I  
curve  represents  the  precipi t in  curve  of the  f ragmented  
ant ibodies  when p lo t ted  as the  inverse function.  The  cpm 
ill the  sediment  are representa t ive  of the  in tac t  an t i serum 
(WA) in teract ion wi th  radioant igen since goat  an t i - rabbi t  
globulin does not  readi ly  prec ip i ta te  the  fragments .  Cor- 
respondingly,  the  Fc  f ragments  do not  react  wi th  the  
antigen1; hence, the  curve shown in Figure  2 represents  
the  combined precipi t in  curves of ti le 2 Fab  fractions. 
The  inhibi tory  po tency  of f ragmented  ant ibodies  may  
be t i tered by  hemagglu t ina t iou  inhibi t ion to determine 
op t imum F A : W A  ratios and the  HIs0 index. These da ta  
are then  employed to measure  the  immunoprec ip i t a t ion  
inhibi t ion capab i l i t i e s  of f ragmented  ant ibody.  A pre- 
cipi t in curve  can be obta ined concommi t t an t l y  wi th  a 
curve  of the  percent  of inhibit ion.  Precipi t in  curve analysis 
reveals the quant i t ies  of specific F A  present  in the system, 
the  zone of .equivalence, areas of an t ibody  and ant igen  
excess, and the  molecular  combining  rat ios be tween 
ant igen  and ant ibody.  Thereby,  quan t i t a t i ve  studies 
involv ing  f ragmented  ant ibodies  m a y  be more rezdi ly  
performed.  
Zusammen/assung. Das H e m m p o t e n t i a l  der Antik6rper-  
f ragmente  bei  Kaninchen  wird mi t  ileuer Methode demon- 
striert .  
G. J. MIZEJXWSKI and JENNIFER BARO~ 
University o/Michigan Medical Center, 
Kresge Medical Research Building, 
Ann  Arbor (Michigan d8704, USA ), and General Medical 
Research, Veterans Administration Hospital, 
A n n  Arbor (Michigan 48105, USA), 22 June 7970. 
Dextran Induced Changes in the Electrophoretic 
Large macromolecules  like dex t ran  should be expected 
to influence cellular e lectrophoret ic  mobi l i ty  and this in 
tu rn  to perhaps produce changes in the  cellular metabol ic  
ac t iv i ty  1. The  possibi l i ty t h a t  cell charge migh t  a l ter  
cellular ac t iv i ty  has been previous ly  suggested 2. I t  was 
of interest,  therefore  to de termine  the  influence t h a t  
var ious dextraI1 combinat ions  had on cellular electro- 
phoret ic  mobil i ty ,  and to de termine  if e lectrophoret ic  
mobi l i ty  could be correlated wi th  an earlier work  on 
oxygen  consumpt ion  s. 
Materials and methodsl Male H o l t z m a n  rats, 42 days 
old, were used in all  exper iments .  Animals  were killed 
by  a sharp blow to the  base of the skull and cells were 
obta ined  f rom the  bone mar row of the  2 femora and 
tibiae. 10 animals  were used, and 10 measurements  of 
10 cells were made  f rom each animal .  
Dex t r an  solutions of 1, 3, and 5% were prepared wi th  
39,500 molecular  weight  dex t ran  (lot 8, 687, P, harmacia ,  
Sweden). One, 3, and 5% dex t ran  solutions were prepared 
using 139, 000 tool. wt. clinical grade H dex t ran  (lot H 1158, 
Pharmachem,  Pennsylvania)  and 228,000 tool. wt.  clinical 
grade H H  dex t ran  (lot H H  82262, Pharmachem) .  The  
dext rans  were pu t  into solution in Tyrode ' s  medium.  The 
osmolar i ty  of the  Tyrode ' s  med ium and different  dex t ran  
solutions was adjus ted  to 310 mOsm/1 wi th  NaC1 and the 
p H  adjus ted  to 7.35. 
De te rmina t ions  of cellular electrophoret ic  mobi l i ty  of 
ma tu re  e ry throcytes  were made  using a microelectro-  
phoresis appara tus  modif ied f rom tha t  described by  BERN- 
STEIN e t  al. 4. 
Results. Elect rophore t ic  mobi l i ty  of mature  erythro-  
cytes in the  var ious dex t ran  solutions, isologous serum, 
and Tyrode ' s  med ium is shown in the  Figure.  Cellular 
e lectrophoret ic  mobi l i ty  is expressed in re la t ive  pract ical  
units. Dete rmina t ions  of cellular electrophoret ic  mobi l i ty  
was l imi ted  to ma tu re  ery throcytes  because this was the  
Mobility of Rat Bone Marrow Erythrocytes 
only cell t ype  t h a t  could be identif ied wi th  cer ta in ty  in 
unsta ined bone mar row cell prepara t ions  using phase and 
darkfield microscopy. 
Ery th rocy tes  of bone marrow suspended in isologous 
serum had the  lowest re la t ive  electrophoret ie  mobi l i ty  
whereas 5% 39,500 molecular  weight  dex t ran  med ium 
produced the  greatest  cellular re la t ive  electrophoret ic  
mobil i ty .  
Similar  e lectrophoret ic  mobil i t ies  were displayed by  
cells in tyrodes  and the  1% 228,000 molecular  weight  
dex t ran  suspending medium.  I t  was found t h a t  as the  
molecular  weight  of the dex t ran  suspending med ium was 
increased, the  cellular mobi l i ty  decreased. However ,  as 
the  concent ra t ion  of a specific molecular  weight  dext ran  
was increased the  cellular mobi l i ty  increased. 
Discussion. The da ta  repor ted  here indicates t ha t  cells 
incubated  in med ium conta in ing dex t ran  have  a greater  
cell mobi l i ty  t han  do cells incubated  in ei ther  Tyrode ' s  
or serum suspending medium.  I t  is of interest  to note  t h a t  
in the  art if icial  media  combinat ions  the  cell mobi l i ty  is 
increased f rom 2 to 10 t imes  as much  as t ha t  found ill 
serum. Most probably  the  cellular e lectrophoret ic  mobi l i ty  
of the  cells in serum and in the  artificial  suspending med ium 
is the  result  of different  factors. The  factors t ha t  need to 
be considered here are:  Agglut inat ion,  sed imenta t ion  
veloci ty,  surface charge, and the  dielectric of the  sus- 
pending medium.  
Cellular aggregat ion occurs wi th  dext rans  of 70,000 and 
greater  molecular  weight,  whereas e ry th rocy te  disaggrega- 
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